A liquid chromatographic method was developed for determination of metronidazole (MNZ), ronidazole (RNZ), dimetridazole (DMZ), and 2-hydroxymethyl-1-methyl-5-nitroimidazole (DMZOH) in swine tissue. After extraction with ethyl acetate and evaporation, the nitroimidazoles were redissolved in hydrochloric acid. Hexane was used in the liquid-liquid extraction to remove fat.
D
imetridazole (DMZ), metronidazole (MNZ), and ronidazole (RNZ) are nitroimidazole drugs that are used in veterinary medicine to prevent, control, and treat histomoniasis in poultry. They are also used to treat hemorrhagic enteritis in pigs. The compound 2-hydroxymethyl-1-methyl-5-nitroimidazole (DMZOH) is the hydroxy metabolite of DMZ in animal body. These metabolites, which retain the nitroimidazole ring structure, are carcinogenic, mutagenic, and toxic in some animal species (1) . Their molecular structures are shown in Figure 1 . The use of RNZ, MNZ, and DMZ is now prohibited in food animals in China. There is a possibility that accidental feed contamination or improper use may give rise to residues in swine. Therefore, methodology to detect these compounds in animal products is required.
A number of analytical methods have been described for determination of one or more nitroimidazoles and their metabolites in feed, muscle, and egg. Craine et al. (2) described a polarographic method for determination of DMZOH in swine muscle with a 2 ppb limit of sensitivity. Aerts et al. (3) developed a multiresidue method using liquid chromatography (LC) to determine DMZ, RNZ, ipronidazole (IPR), and their hydroxymethyl metabolites in poultry tissue and eggs. Newkirk et al. (4) developed a gas chromatographic (GC) method for determination of DMZ and its metabolite in swine muscle. Determination of DMZ and MNZ residues in animal tissue by LC and UV or electrochemical detection was described by Hobson-Frohock and Reader (5) and Carignan et al. (6) . Stanker et al. (7) developed an enzyme-linked immunosorbent assay for determination of DMZ and DMZOH in turkey. Garland et al. (8) reported the determination of IPR and IPROH in turkey skin and muscle by GC/mass spectrometry (MS) with negative ion chemical ionization. Hurtaud-Pessel et al. (9) developed a multiresidue confirmatory method for nitroimidazole residues in poultry muscle. Polzer and Gowik (10) described a GC-negative ion chemical ionization MS method for the nitroimidazoles and corresponding hydroxy metabolites in turkey and swine muscle. No method has been reported for simultaneous determination of DMZOH, MNZ, RNZ, and DMZ in swine tissues (muscle and liver).
The aim of this work was to develop a rapid, sensitive, and specific method for simultaneous determination of DMZOH, MNZ, RNZ, and DMZ in swine tissues. An Oasis Ò HLB solid-phase extraction (SPE) was used in the cleanup procedure; the purified samples were analyzed by LC with diode array detector. (f) LC column.-GL Inertsil ODS-3, 5 mm, 250´4.6 mm id (GL Sciences, Inc., Tokyo, Japan).
Experimental

Apparatus
(g) LC system.-Shimadzu Model 10 ATVP pump, SPD-M10 AVP diode array detector, DGY-12A degasser, SCL-10 AVP system controller, and Class VP 5.032 ChemSation (Shimadzu Co., Kyoto, Japan). Chromatographic conditions.-Flow rate, 1.0 mL/min, injection volume, 50 mL; column, room temperature; detection wavelength, 315 nm. 
Reagents
Sample Preparation
Swine tissues (muscle and liver) were minced and homogenized in a homogenizer at high speed for 2 min. The homogenates were stored at -20°C in sealed plastic bags.
Extraction
Thawed swine muscle or liver (10 g) were added to 5 g dibasic potassium phosphate and 5 g NaCl in a 150 mL conical flask; 30 mL ethyl acetate was added to each sample and the samples were shaken 20 min in shaker. The supernatant was transferred to a 150 mL pear-shaped flask. Another 30 mL ethyl acetate was added and shaking was repeated. Ethyl acetate extracts were combined in the pear-shaped flask. Extracts were evaporated to near dryness with a rotary evaporator at 50-55°C, and 4.0 mL 1M HCl and 3.0 mL ethyl ace- tate were added to the residue. The mixture was decanted into a 100 mL separatory funnel containing 30 mL hexane, and 1M HCl and ethyl acetate were again added to the flask. This mixture was transferred to the separatory funnel containing hexane. The separatory funnel was gently shaken for 1 min, and the contents were allowed to equilibrate for at least 20 min. The aqueous layer was collected in a 10 mL flask, and the pH was adjusted to 4.8-5.2 with 1N HCl or 5N NaOH.
Cleanup
HLB SPE columns were previously conditioned with 10 mL methanol and 10 mL water. The extracts were added to the SPE columns, and these extracts were allowed to flow through by gravity. The columns were washed with 3 mL water. The nitroimidazoles were eluted with 3 mL methanol. This solvent was allowed to pass through under vacuum, and the effluent was collected and evaporated to 0.5 mL with nitrogen gas. It was reconstituted to 1 mL with mobile phase. The final sample solution (50 mL) was then injected for LC analysis.
Calibration Curves and Fortification
The working solutions (20, 150, 300, 450, 600, 750, and 1000 ng/mL) for calibration curves were prepared by diluting stock solutions of DMZOH, MNZ, RNZ, and DMZ with mobile phase.
In fortification studies, blank swine tissue homogenates were spiked with 0.2-1 mL working solutions, mixed throughly, and held still for 10 min. After extraction, cleanup, and determination as above, the levels of analyte were calculated as follows:
where C (ng/mL) is the concentration of analyte in the final sample solution determined from the standard curve, V (mL) is the volume of the final solution, and W (g) is the weight of sample.
Results and Discussion
Extraction and Cleanup
Ethyl acetate was used in the extraction following a procedure similar to those described by Edward et al. (11) . The method exploits the weak basic character of nitroimidazoles. A tissue sample was extracted twice with ethyl acetate in the presence of a basic salt. Extraction efficiency was increased, and emulsification was decreased in the liquid-liquid partition step when NaCl was added. Extraction efficiency was also increased by incorporating ethyl acetate into the solvation mixture that was applied to the residue remaining after rotary evaporation.
C 18 and HLB SPE columns were tried for cleanup, and the HLB column had the better cleanup effect. HLB is a hydrophilic-lipophilic SPE column in which sorbent makes it fast and easy to develop sample preparation methods. We compared C 18 with the HLB SPE column in the procedure. Data of recovery generated in the 2 experiments are given in Table 1 . The recovery of HLB SPE column cleanup was 10% higher than that of C 18 SPE column. Figure 2 shows the LC chromatograms of the control, standard, and fortified samples. No interference of matrix was detected. Thus, we selected HLB SPE columns for cleanup. In general, the amphoteric components have strong retention on HLB columns, which may suggest the high specificity of HLB columns in cleaning up nitroimidazoles. 
Linearity and Detection Limit
The standard calibration curves for DMZOH, MNZ, RNZ, and DMZ (concentration versus chromatographic peak area) were linear (r = 0.9995-0.9998, n = 7) in a range of 20-100 ng/mL. The limits of detection were 2.0, 1.0, 2.0, and 2.0 mg/kg for DMZOH, MNZ, RNZ, and DMZ, respectively. This was calculated as 3 times the baseline noise from drug-free muscle.
Recoveries
Recoveries were determined from liver and muscle at 10, 20, and 50 mg/kg spiking levels. The results of fortification studies are shown in Table 2 . The recoveries of DMZOH, MNZ, RNZ, and DMZ in muscles were 80.1-83.9%; those of DMZOH, MNZ, RNZ, and DMZ in livers were 78.9-82.3%.
Precisions
To obtain the within-day precision, 5 replicates for fortified samples were extracted and analyzed at each of the 3 fortification levels. Within-day relative standard deviations (RSDs) ranged from 2.2 to 7.9% for DMZOH, MNZ, RNZ, and DMZ in swine muscles and livers (Table 3) . To obtain the day-to-day precisions, 5 replicates of fortified samples were extracted and analyzed at each of 3 fortification levels under reproducibility conditions. Day-to-day RSDs ranged from 5.5 to 18.9% for DMZOH, MNZ, RNZ, and DMZ in swine tissues.
Sample Determination
We applied the method to the analysis of 30 swine liver samples. Only one sample contained MNZ at about 3 mg/kg; no nitroimidazole drugs or metabolites were detected in the rest of samples. The swine liver samples were provided by Beijing Center for Disease Prevention and Control.
Conclusions
A simple and sensitive LC method was developed for determination of DMZOH, MNZ, RNZ, and DMZ in swine tissues (muscle and liver). The HLB SPE column was used to clean up tissues successfully with a minimum number of steps and small amounts of solvents. The method was accurate, rapid, and reproducible. In a working day, a tissue blank and 12 samples can be prepared for LC analysis by using this rapid extraction procedure. 
